Postprandial hyperglycemia a b s t r a c t Background: There has been enormous curiosity in the development of alternative plant based medicines to control diabetes, oxidative stress and related disorders. One of the therapeutic approaches is to reduce postprandial release of glucose in the blood. Two key enzymes that are involved in reducing postprandial glucose are a-amylase and a-glucosidase. Mentha arvensis L. has been traditionally used by several tribes as a medicinal plant to treat various disorders. Objective: The present study was undertaken to test M. arvenisis L. for inhibition of postprandial hyperglycemia. Material and method: We performed various in vitro and in vivo tests to evaluate efficacy of M. arvenisis L. for antidiabetic activity (postprandial hyperglycemia). Results: Methanolic extract of M. arvensis L. leaves showed DPPH free radical scavenging activity (more than 78% mg/ml) and high antiglycation potential (more than 90% inhibition of AGE formation). Methanolic extract also showed remarkable inhibitory effects on a-amylase (more than 50% mg/ml) and aglucosidase (68% mg/ml) and significant inhibition of postprandial hyperglycemia in starch induced diabetic Wistar rats. Conclusion: The non-insulin dependent antidiabetic or inhibition of postprandial hyperglycemic activity of methanolic extract of M. arvensis L. leaves was shown by using in vitro and in vivo approaches in the present study.
Introduction
Diabetes mellitus is a chronic metabolic disease, characterized by alteration in the carbohydrate, protein and lipid metabolism. The incidence of diabetes mellitus is continuously increasing in the world; it affects 340 million people out of which 70 million are in India alone [18] . India is the world's second most populous country, and having more people with type 2 diabetes mellitus, which is the major form of diabetes mellitus, accounting for 90% of cases worldwide [17] . Postprandial hyperglycemia plays a vital role in development of type 2 diabetes mellitus and other complications caused by diabetes mellitus, such as retinopathic, nephropathic, neuropathic and cardiovascular complications [24] . One therapeutic approach suggested to reduce postprandial hyperglycemia is by the inhibition of two key enzymes linked to type 2 diabetes mellitus, namely a-glucosidase and a-amylase, in the digestive organs [9] . Recently, it has been reported that compounds with combined antioxidant potential and antiglycation properties are effectively used to treat diabetes mellitus [8] .
There are many mechanisms by which diabetes mellitus is developed and made chronic, which include oxidative stress and advance glycation end products (AGEs). Oxidative stress is a result of imbalance between oxidants and antioxidants in the body. One more important cause of diabetes mellitus is the interaction of glucose with a protein leading to AGEs [15] . Increase in glycation reaction, may increase tissue build-up of AGEs, leading to diabetic complications, because they can alter enzyme activity and ligand binding affinity and modify protein structure [14] . Therefore, glycation and oxidative stress are also important therapeutic targets for the treatment of diabetic complications.
There are many combinations of hereditary and environmental causes of diabetes mellitus, such as metabolic error in carbohydrate metabolism and changing lifestyle, dietary pattern, smoking, moderate coffee, alcohol consumption, highly processed food, calorie-dense, nutrient depleted diet, reduced physical activity, and due to the increase in obesity. For glucose transportation from the blood into the cells, the hormone e insulin is needed. Insulin is produced by the beta cells while glucagon is produced by the alpha cells of the pancreas. These hormones play an important role to sustain the blood glucose level.
In traditional and folk medicine many plants are used to control various diseases. This is typically because of varied combination of number and nature of secondary metabolites produced by different plants and their tissues. These are known to possess antioxidant, antibacterial, anti-inflammatory and many other medicinal properties [13] . There are many therapeutic treatments available to treat diabetes such as, acarbose and metformin; however, synthetic drugs are generally not preferred because of their high cost and many side effects, hence, it is necessary to develop traditional and alternative medicine which is specially based on plants. Herbal drugs play an important part of traditional medicine and literature shows that more than 400 plant species having antidiabetic activity. Plants which have antioxidant activity may show antidiabetic activity because oxidative stress may lead to diabetes mellitus. As Mentha arvenisis L. is already reported for antioxidant activity, hence, we selected this plant to check its antidiabetic property. The leaves of M. arvenisis L. are extensively used in traditional system for various medicinal purposes such as digestive expectorant, inflammation of liver, peptic ulcer, diarrhea, bronchitis, cardiotonic, diuretic, dentifrice, jaundice, hepatalgia, and skin diseases [7, 12, 13, 19] . It belongs to family Lamiaceae and is found throughout India. It is commonly known as 'pudina' in Hindi [11] . The present study was undertaken to extend the survey of M. arvensis L. for other medicinal properties than the ones reported so far. Hence, the methanolic extract of leaves of M. arvensis L. was used for its phytochemical analysis and evaluation of antioxidant and antiglycation potential through in vitro studies. Further inhibition of key enzymes linked to type 2 diabetes mellitus, i.e, a-amylase and a-glucosidase and inhibition of postprandial hyperglycemia in starch induced diabetic Wistar rats were also evaluated using methanolic extract of M. arvensis L. leaves. 
Materials and methods

Collection of plant material, identification and authentication
Chemicals
All the chemicals and other solutions used for this study were of analytical grade. All the drugs and reagents were prepared freshly before use.
Animals
Healthy Wistar rats were obtained from National Institutional of Bioscience (CPCSEA Registration No. 1091/abc/07/CPCSEA) Pune, Maharashtra and were used for this study upon approval by the Institutional Animal Ethics Committee of Symbiosis School of Biomedical Sciences (CPCSEA Reg. No.1710/PO/a/13/CPCSEA). The study approval number is SSBS/IAEC/3/4.3.2015. Animals were maintained under standard laboratory conditions at Symbiosis School of Biomedical Sciences, Pune. Animal welfare guidelines were observed during the maintenance and experimentation period.
Preparation of methanolic extract
The plant material (leaves) was washed under running tap water. Further it was shade dried for 5e7 days and crushed to form coarse powder (500 g). The powdered material was taken in a separating funnel for extraction using methanol as solvent (2e3 lts) for 72 h. The methanolic extract was concentrated using Rotavapor [2] . Three biological replicates were prepared and extraction was performed for all the three replicates. The average yield of dried fraction of methanolic leaves extract of all three biological replicate of M. arvensis L. was 69.8 g.
Qualitative analysis of M. arvensis L. extract
The extract was tested qualitatively to know the presence of phytochemicals such as tannins, flavonoids, terpenoids, alkaloids, saponins and phenols [1, 3] .
Estimation of total phenolic content
Total phenolic content of plant extracts was determined using FolineCiocalteu reagent method [23] .
DPPH free radical scavenging activity
Free radical scavenging activity was performed as per method suggested by Ref. [4] by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay.
a-amylase inhibitory assay
The assay was performed as described by Ref. [16, 20] . The % inhibition was calculated according to the following formula:
½Absorbance control À Absorbance test Absorbance control Â 100
2.9. a-glucosidase inhibitory assay
The assay was performed as described by Ref. [20] . The aglucosidase inhibitory activity was expressed by % inhibition according to the following formula:
½Absorbance control À Absorbance test Absorbance control Â 100 2.10. BSA-AGE fluorescence assay/antiglycation assay This assay was performed as described by Ref. [22] . Percentage inhibition was calculated using the given formula. % inhibition ¼ (CÀT)/C Â 100, where C ¼ Fluorescence intensity of glycated BSA and T ¼ Test sample.
Animal study
Postprandial non-insulin dependent anti-hyperglycemic activity of methanolic leaves extract of M. arvensis L. was determined by postprandial glycemic test. For this study, 18 male Wistar rats were divided into three groups each containing six male rats. All the animals were kept for overnight fasting. Next morning, blood was collected from the retro-orbital plexus and blood glucose level ('0' h) was estimated by auto blood analyzer (Bayer EXPRESS PLUS). All the groups of animals (A, B and C groups) were given soluble potato starch 2 g/kg b.w. to induce diabetes mellitus.
Group A (Diabetes mellitus Control): Diabetes mellitus rats received only distilled water followed with starch.
Group B (Standard compound): Diabetic rats received standard antidiabetic drug acarbose (50 mg/kg) 15 min before starch feeding.
Group C (Sample Treated): Diabetic rats treated with methanolic leaves extract of M. arvensis L. (50 mg/kg) 15 min before starch feeding.
Blood was collected at the intervals of 0, 30, 60, 90 and 120 minutes. Blood glucose levels were measured as described by Ref. [21] .
All the data related to the animal study were analyzed by standard statistical methods. Determination of degree of significance p < 0.05 between the groups of animals was done by twoway ANOVA followed Tukey's multiple comparison test and was applied to compare difference between animal study groups.
Results
Primary phytochemical screening
The methanolic extract obtained from separatory funnel extraction was analyzed for the presence of various phytoconstituents. Phytochemical screening revealed the presence of tannins, flavonoids, terpenoids, alkaloids, saponins and phenols.
Biochemical analysis
All parameters were analyzed using three biological replicates and two technical replicates per biological replicate.
The average of total phenolic content in methanolic leaves extract of M. arvensis L. was observed to be 621.38 mg per milligram of plant extract.
DPPH frees radical scavenging activity
The ability of methanolic leaves extract of M. arvensis L. to scavenge DPPH free radical was calculated as percentage inhibition which was found to be 78% at concentration 1000 mg/ml, whereas percentage inhibition of ascorbic acid at the same concentration was 95% (Fig. 1 ).
In vitro a-amylase inhibitory assay
Inhibition of a-amylase by methanolic extract of M. arvensis L. was observed to be more than 50% inhibition at various concentrations (mg/ml) ( Fig. 2a ) as compared to the standard acarbose which showed more than 90% inhibition of a-amylase at the same concentrations. 
In vitro a-glucosidase inhibitory assay
The ability of methanolic leaves extract of M. arvensis L. to inhibit the a-glucosidase was calculated as percentage inhibition which was found to be 68% (Fig. 2b) at concentration 50 mg/ml, whereas percentage inhibition of acarbose at the same concentration was 85%.
BSA-AGE fluorescence assay
Effect of methanolic extract of M. arvensis L. on glucose mediated glycation revealed concentration dependent (2.5e15 mg/ml) increase in antiglycation activity (Fig. 3a) .
The highest concentration (15 mg/ml) showed maximum glycation inhibition of 94% as shown in Fig. 3b .
Blood glucose levels in animal study
Anti-hyperglycemic activity of methanolic extract of M. arvensis L. was observed by blood glucose levels of rats after postprandial glycemic test at different time points 0, 30, 60, 90 and 120 min. The dose of leaves extract was selected as 50 mg/kg b.w. and for standard drug acarbose 50 mg/kg b.w. Two-way ANOVA analysis followed by Tukey's multiple comparison test was applied to find difference between the animal groups at *p < 0.05 when compared to the control (see Fig. 4 ).
Discussion
In the present study, preliminary phytochemical analysis of extract of M. arvensis L. leaves was performed and it was observed that the extract contained high amount of phenolic compounds along with other phytoconstituents, which are already studied for their medicinal activities. On this basis, we estimated total phenolic content of the extract and found that the extract contained higher amount of phenolic compounds. This reflected that the plant extract might have antioxidant and antiglycation activities and showed inhibition of two key enzymes linked to type 2 diabetes mellitus, such as a-amylase and a-glucosidase enzymes, because of its higher phenolic content along with other phytoconstituents. Phenols are very important plant constituents. They show high scavenging ability of free radicals due to their hydroxyl group. The high correlation between the content of phenolic concentration in plant extracts which leads to antioxidant activity is scientifically studied [5, 10] . Plant based antioxidants play an important role in neutralizing free radicals and protect important biological molecules from being damaged by free radicals. Antioxidants significantly prevent oxidation of cell content like proteins, lipids, carbohydrates and DNA. ROS (reactive oxygen species) is linked with diabetes mellitus, arteriosclerosis and age-related disorders. The antioxidant activity of extract of M. arvensis L. was determined using a DPPH reagent, which significantly scavenged DPPH free radical, and might prevent the complication of oxidative stress and related diseases.
The antiglycation activity of extract of M. arvensis L. was determined using AGE fluorescence assay wherein it significantly inhibited the protein glycation ( Fig. 3a and b ). This might be due to higher content of polyphenolics. It has been already studied that polyphenolics block the formation of AGEs and other glycated proteins [6] . Glycation reaction involves a series of non-enzymatic reactions between the carbonyl group on reducing sugars and the amino group on proteins to form advanced glycation end product (AGE's), which are involved in the pathogenesis of diabetes mellitus and aging-related complications [6] . In case of postprandial hyperglycemia there is an increase in blood glucose level which in turn contributes to increased glycation reaction; this can alter protein conformation and impair function by altering enzyme activity, altering immunogenicity, modifying protein half life and causing cross-linking of structural proteins.
There are many therapeutic approaches, which may prove to be beneficial for treatment of type 2 diabetes mellitus (postprandial hyperglycemia). This can be done by reducing the absorption of glucose through the inhibition of two key enzymes linked to type 2 diabetes mellitus (PPHG) in the digestive tract. It has been studied that the inhibition of carbohydrate hydrolyzing enzymes, like aamylase and a-glucosidase are the therapeutic approaches for the treatment of type 2 diabetes mellitus [18] . Inhibitors of these enzymes delay carbohydrate digestion in the body and overall carbohydrate digestion time causing a significant decrease in the rate of glucose absorption by blunting the postprandial plasma glucose level. In the present study, we found that the methanolic extract of M. arvensis L. has significantly inhibited the a-glucosidase and in moderate a-amylase enzymes ( Fig. 2a and b) , may be due to higher content of polyphenolics.
Conclusion
We have done in vitro and in vivo evaluation of M. arvensis L. for antidiabetic activity. Any imbalance between the free radicles and antioxidants leads to production of a condition known as "oxidative stress" that results in the development of pathological condition among which one is diabetes mellitus. The leaves extracts of M. arvensis L. showed significant antioxidant potential and significantly inhibited protein glycation, which correlated well with its phenolics along with other phytoconstituents. It was further evaluated as a potent inhibitor of two key enzymes linked to type 2 diabetes mellitus such as, a-amylase and a-glucosidase enzymes.
The methanolic extract of M. arvensis L. was also evaluated as potent inhibitor of type 2 diabetes mellitus (PPHG) during in vivo study. Overall, the methanolic extract of M. arvensis L. significantly reduced postprandial hyperglycemia and it might be helpful in prevention of onset as well as delaying the development of long term complications of diabetes mellitus. Thus, it has been rationalized that the tested extract has the potential to emerge as a new remedy for treatment of type 2 diabetes mellitus (postprandial hyperglycemia). 
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